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(54) Organic electrolyte battery 

(57) fn an organic electrolyte battery, resistor layers 
having higher resisting values than those of electric 
conducting substrates retaining active material of an 
electrode are formed on trm substrate surfaces 
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Description 
pA ^QROUND OF THE <N 



1. Field of the Invention 

The present invention relates to an organic electro- 
lyte battery which can improve the safety under 
extremely severe conditions such as natBng and break- 
age of batteries. 

2. Description of the Related Art 

Realization of practical use of an electric vehicle 
and the storage of electrical energy of night generation 
have been retired from the viewpoint of environmental 
problems, such as airpofiution. the Increase of a carbon 
dioxide, etc, as well as me effective use of energy. 
Accordingly; an excellent secondary battery having 
characteristics such as high efficiency, high power den* 
shy, high energy density, right weight etc.. has been 
demanded. From these points of view, a secondary bat- 
tery using an organic electrolyte solution which has sev- 
eral times as targe energy density as conventional 
batteries using an aqueous electrolyte has been 
expected to be put to practical use. 

As a positive active material of an organic electro- 
lyte secondary battery, various materials have been 
examined, e»g.» a titanium disulfide, a Bthhjrrvcobalt 
oxide, a Itthrunvntckel oxide, a rrtfwnvmanganese 
oxide, a vanadium oxide, a molybdenum sulfide, a 
molybdenum oxide, etc.. and these active materials are 
retained on foils, e.g., aluminum, tantalum, stainless 
steel, etc, which are used as a positive plate {Unexam- 
ined Japanese Patent Pubfication (tafcai) Nos. Hei. 5- 
290854 and Hei. 4*121962). 

Various materials have been heretofore Investi- 
gated as a negative active material of an organic elec- 
trolyte secondary battery and a lithium-based negative 
plate has attracted public attention in view of expecta- 
tions of high energy density. Lithium metals, lithium 
aJtays and carbons, oxides and suRdes capable of 
occluding and releasing Btrtium tons have been exam- 
ined, and ftese active materials are retained on foils, 
ag., stainless steel (Unexamined Japanese Patent 
Publication No Hal 5-29021). brass, phosphor bronze, 
and aluminum bronze (Unexamined Japanese Patent 
Publication No Hei. 5-36401). and copper (Japanese 
Patent Publication No. Hei. 7-192724). eta. which are 
used as a negative plate. 

Organic electrolyte solutions now used comprise on 
aprotic organic solvent containing a metal salt as an 
electrolyte cfissotved therein. For example, with respect 
to ffthium salts. UCIO* UPF* UBF 4 . UAsF 6 . UCF^. 
etc., are dissolved in propylene carbonate, ethylene car- 
bonate, 1,2-dirnettaKyelnane. r-butyrctectone, suffone, 
suBoJan, dtoxoian. 2-metrtytt e b ah ydrofuran. dimethyl 
carbonate, diethyl carbonate, etc. 



One constitutional example of a cylindrical organic 
electrolyte secondary battery is shown in Rg. 1. ton Fig. 
1, reference numeral 1 represents a case serving also 
as a negative plate terminal ; 2, a positive electrode; 3. a 

5 negative electrode; 4. a sepe^atcf;^ A positive lead; 7. 
a positive terminal; 8. a safety valve; 9. a PTC element; 
10. a gasket; and 11. an insulating plate. The positive 
electrode 2, the separator 4 and the negative electrode 
3 are rolled up and housed in the case 1 . The electrolyte 

jo solution is not shown in Fig. LFkj. 1 shows a cylindrical 
tthium secondary battery but a prismatic battery has 
substantia By the analogous constitution. 

Organic electrolyte batteries have high energy den- 
sity and many of organic electrolyte solutions used 

)5 therem are combustible, HaJargecurrertftowsdustoa 
short circuit or en erroneous use of a battery, abnormal 
heat Is generated and there are possfcStiesof firing and 
battery bursting. 

For preventing such phenomena, a fuse and a PTC 

20 element have been used in an electric drcud to break 
the flowing of a large current or a safety valve has been 
used to release the internal pressure of a battery con- 
tainer. Further, against an abnormally large current in a 
battery such as short circuits and nail penetration tests, 

25 a special separator having the function operating at a 
specific temperature to reduce the discharge current of 
a battery which is called a shutdown function has been 
used 

Nail penetration tests are test methods* prescribed 

30 in "safety evaluation standard gutde&ne of lithium sec- 
ondary batteries (S8AQ1 101)". and in The guideline for 
safety evaluation of lithium batteries Jor cameras*, Bat* 
tery Association of Japan. The tests are supposing the 
severest internal short circuits due to the breakage of 

95 batteries. 

Rg. 2 is a schematic view showing a nail penetra- 
tion test. A metal bar having an acute tip (e.g.. a nail) is 
stuck through an organic electrolyte secondary battery 
20 hekf rxxizontafly using a hyoraufic driving means or 

40 a motor -driving means, and the safety of the battery is 
evaluated by the degrees of the generation of heat and 
the internal pressure increase of the battery resulting 
from the internal short drcurl 

Fig. 3 is a schematic view showing the state of the 

45 internal short circuit caused by the nail penetration test 
By the penetration of a nail 21 through a positive elec- 
trode 2, a negative electrode 3 and a separator 4, a pos- 
itive substrate 2a having a posrtrve active materia) 2b on 
both sides thereof and a negate substrate 3a having a 

so negative active material 3b on both sides thereof are 
electrically connected via a nail 21 to thereby result in 
the state of a short circuit Small-sized organic electro- 
lyte secondary batteries now on the market are con- 
structed such that safety can be ensured even under 

55 such a condition. 

However, as to large-sized organic electrolyte sec- 
ondary batteries, in particular, for use in electric vehi- 
cles, if an internal short circuit happens, an abnormally 
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large current flows locally which cannot bear compari- 
son with small-sized batteries, therefore, an organic 
electrolyte battery having a higher reliable safety struc- 
ture than those heretofore in use has been demanded 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
organic electrolyte battery having a higher reBabie 
safety structure than conventional one. 

An organic electrolyte battery according to the 
present invention comprises: negative and positive 
plates each having an active material and an electrically 
conductive substrate, said active material being 
retained in said etectricaJfy conductive substrate; and a 
resistor layer having a higher resistance value than that 
of said electrically conductive substrate, said resistor 
layer being formed on a surface of said efectncaSy con- 
ductive substrate of at least one of said negative and 
positive plates. 

The present invention can provide extremely refia- 
ble Ngh safety organic electrolyte battery even under a 
severe condition, eg., a nail penetration test as the 
resistance between the current collector surface and 
the nail is increased and a large current at a short circuit 
can be prevented from being Discharged 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 



10 



20 



30 



Rg. 1 shows the structure of a cylindrical organic 
electrolyte battery; 

Rg. 2 is a schematic view showing a nad penetra- 
tion test; 35 
Ftg. 3 is a schematic view showing the state of the 
internal short circuit caused by the nail penetration 
test; and 

Rg. 4 to an enlarged view showing the short circuit 
state 40 



adopting an electricaDy conductive substrate on the sur- 
face of which resistor layers having a higher resisting 
value than mat of the electrically conductive substrate 
are formed, even if an internal short circuit etc, hap- 
pens, the resistor layers on the surtaceof the eiectricaSy 
conductive substrate function as a resistant and can 
prevent a large current flow. Accordingry, the safety of 
an organic electrolyte battery having terge capacity can 
be remarkably improved. 

Although the provision of resistor layers on the sur- 
face of fm electrically conductive substrate functions to 
increase me internal resistance of a battery, as a resist- 
ing value changes In inverse proportion to the area of a 
connecting part which hardly hinders current collecting 
from an active material. The connecting area by a nail 
penetration test and the local breakage of a separator is 
small, while the resisting value is very large. However, 
an a current collecting area (a so-called active area) of 
ttie eJecfericaBy conductive substrate and the active 
material is extremely large, the increase of the internal 
resistance of the battery is little. 

EXAMPLE 

A cyfindrical organic electrolyte battery shown in 
Fig. 1 was produced by using a mum-cobart oxide as 
positive material , carbon which had been occluded a 
Bhkjm ion in a negative electrode, and LiPF 6 dissolved 
h a mixed solvent of ethylene cartxxiatafropyJane car- 
bonate in proportion of 1/1 as an organic electrolyte 
solution. As a safety valve, a metal foil having a diame- 
ter of 15 mm was used, and when the interna) pressure 
of the battery abnormally increased, the internal pres- 
sure was released to the outside The battery had a 
diameter of 52 mm, a height or 200 mm and a weight of 
900 g. The average voltage of this battery was 3.6 V and 
nominal capacity was 30 Ah. various batteries were 
constructed by rnodrfying this fundamental structure of 
the battery using various positive and negative plate 
substrates and nail penetration test was conducted. 
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F THE INVENTION 



„«:'ll.-«. 



3l± 



Detailed description of the present invention will be 
described as follows. 4$ 

A separator having a shutdown function is melted 
and destroyed and loses fte shutdown function when 
exposed to high temperature. In the case of an organic 
electrolyte battery having big capacity, if the battery is 
damaged or a trail penetration test is conducted, electri- so 
cally conductive substrates of a positive plate and a 
negative plate are connected each other and an Internal 
short circuit is caused. As a result, an abnormally large 
current flows locally, sparks are generated and the tem- 
perature increases unusually, therefore, a short circuit 55 
current could not be reduced completely with only a 
separator having a shutdown function. 

On the contrary, when an organic electrolyte battery 



Aluminum having a thickness of 0.02 mm and hav- 
ing provided on both sides thereof resistor layers was 
used as a positive plate substrate Resistor layers were 
formed by coating a mixture of a carbon powder and a 
pofyirnide resin on the above substrate Resisting val- 
ues of resistor layers were set to be 0.1, 1.0, 10.0,20.0, 
100 O ♦cm 2 , respectively (products of the Invention). 
The thickness of resistor layers was varied between 
0.001 and 0.01 mm. For comparison, a positive plate 
substrate not having resistor layers on the surface of the 
substrate was also prepared (a conventional product). 
Copper having a thickness of 0.02 mm was used as a 
negative ptate substrata The resisting value of the alu- 
minum substrate used was 5.5x1 0* 9 O • cm 2 and that of 
Ihe copper substrate was 3.5x 1 0' 9 n • cm 2 . 



3 
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These organic electrolyte batteries were corrpletefy 
charged and subjected to a naii penetration test at room 
temperature. After 30 seconds from the nailing, the 
electrolyte solution of the conventional product jetted 
from the safety valve and the battery surface tempera- 5 
ture rose up to 370°C. On the other hand, the batteries 
accorcfing to the present invention each having resistor 
layers on the substrate surface were on such levels as 
temperatures increased to 115°C at the maximum in 7 
to 12 minutes from the nailing, and a working of the to 
safety valve was not observed at all. 

Example 2 

Copper having a thickness of 0.02 mm and having ts 
resistor layers provided on bom sides was used as a 
negative plate substrate. Resistor layers were formed 
by coating a mixture of a carbon powder and a polyim- 
ide resin on the above substrate. Resisting values of 
resistor layers were set to be 0.1, 10, 10.0, 20.0. 100 20 
fl-cm 2 , respectively (products of the invention). The 
thickness of resistor layers at this time was varied 
between 0.001 and 0.01 mm. For corrparison, a nega- 
tive plate substrate not having resistor layers on the sur- 
face of the substrate was also prepared (a conventional 25 
product). Aluminum having a thickness of 0.02 mm was 
used as a positfve plate substrata The resisting value of 
the aluminum substrate used was 5,5x1 0' 9 n • cm? and 
that of the copper substrate was 3.5x1 0" 9 n • cm 2 . 

These organic electrolyte batteries were completely so 
charged and subjected to a nail penetration test at room 
temperature. After 29 seconds from the nailing, the 
electrolyte of the conventional product jetted from the 
safety valve and the battery temperature rose up to 
380*0. On the other hand, the batteries of the present 3S 
invention each having resistor layers on the substrate 
surface were on such levels as temperatures increased 
to 1 1G*C at the maximum in 6 to 12 minutes from the 
nailing, and a jet of the electrolyte solution was not 
observed at afi. *o 



Organic electrolyte batteries ware produced by 
using positive plate substrates each having resistor lay- 
ers on both surfaces thereof prepared in Example 1 and 
negative plate substrates each having resistor layers on 
both surfaces thereof prepared in Example 2, and they 
were similarly subjected to a nail penetration test 
These batteries were on such levels as temperatures 
increased to 1 1 8*C at the maximum in 10 to 17 minutes 
from the nailing, and a jet of the electrolyte solution was 
not observed at all. 

As descnbed above, the present invention can pro- 
vide extremely reiabfe high safety organic electrolyte $s 
battery even under a severe condition, e.g., a naU pene- 
tration test This is presumably because, as shown in 
the enlarged drawing showing a short circuit state in 



Pg. 4, resistance of the connected part whh a nail 21 
was increased by resistor layers 2c on the surface of a 
positive plate substrate 2 or/and resistor layers 3c on 
the surface of a negative plate substrate 3a, therefore, a 
targe quantity of electric current at a short circuit was 
prevented from being discharged. 

In the above description, resistor layers on the sub- 
strate surfaces were formed by coating a mixture of a 
carbon powder and a poryimide resin but resistor layers 
are not Untied thereto, e.g., arrticorrosion resins such as 
pcryamideirrfde, poryotefrn. CMC and PVOF against 
electrolyte solutions and active materials are usable, 
alternatively metal powders such as Fa, Cu, W and 
Stainless powder can be used in place of carbon pow- 
ders or mixtures of carbon powers and metal powders 
can also be used. Further, the structure of a resistor 
layer may be a by-metal structure of a high resistive 
aHoy such as stainless and nichrome with a current col- 
lecting metal (high resistive aHoy/electrically conductive 
substrate metal/high resistive alloy). 

With respect to the thickness of a resistor layer, an 
preferable value is selected in accordance with the pro- 
ducing technique. Too thin a layer causes peefing-off or 
cracking when an electrode plate is wound vertically, 
and too thick a layer causes the reduction of energy 
density due to the increased electrode plate thickness. 
The thicknesses of both a positive plate and a negative 
plate of from 0,001 to 0.2 mm are practicable but from 
the results in the naa penetration test from 0.001 to 
0.05 mm are more preferable. 

The resisting values of resistor layers of from 0.1 to 
100 ft -cm 2 vrere practicable ff the resisting value of a 
resistor layer Is too big, Ngh efficient discharge required 
in general use is reduced As is depending on the use of 
a battery, in electric vehicles where high efficient <fis» 
charge Is required, 20 ft • cm 2 or less is suitable. 

The resisting values of resistor layers in the present 
Invention are values per a unit area. In general, a resist- 
ing value of a material is indicat ed as a specific resist* 
ence. The specific resistance of the resistor usable En 
the present Invention can be selected from the wide 
range of from 20 Q cm to 1 M D cm. The thickness of 
resistors having low specific resistance may be thick 
and the thickness of those having Hgji specific resist* 
ance must be thin The ffw*ness of resistors are arbi- 
trary variable in the range of from 0.001 to 0.2 mm 



Claims 



so 1. An 



ry comprising: 



negative and positive plates each having an 
active material and an electrical V conductive 
substrate, said active material being retained in 
said electhcaJry conductive substrata; and 
a resistor layer having a higher resistance 
value than that of said electrically conductive 
substrate, said resistor layer being formed on a 
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surface of said electrically conductive substrate 
of at least one of said negative and positive 
plates. 

2. An organic etectrdyte battery accortfing to claim 1 , 5 
wherein a resisting value of said resistor layer is in 
the range of 0.1 to 100 fl • cm 2 . 

3. An organic eJectroryte battery according to claim 1 , 
wherein a thickness of said resistor layer is In the jo 
range of 0.001 to 0.2 mm 

4. An organic electrolyte battery accorxfing to claim 1, 
wherein said resistor layer comprises a carbon 
powder and a resin. '* 

5. An organic electrolyte battery according to daim 1 , 
wherein said resistor teyer comprises a metal pa*- 
der and a resin. 

20 

6. An organic electrolyte battery according to ciaim i . 
wherefn said resistor layer comprises a high resist- 
ant aftoy. 

7. An organic electrolyte battery according to ctaim 1 . zs 
wherein said resistor teyer comprises a concfajctive 
resin. 

& An organic electrolyte battery accorcfing to daim 4, 
wherein said resistor layer further comprises a so 
metal powder. 

9. An c>rganic electrolyte battery according to claim 1, 
wherein the specific resistance of the resistor layers 

is from 20 Q cm to 1 MOcm. as 

10. An organic electrolyte battery according to claim 2, 
wherein the resisting value of the resistor layers is 
in the range of 0.1 to 20 CI * cm 2 . 

40 

11. An organic electrolyte battery according to daim 3, 
wherein the thickness of the resistor layers is in the 
range of 0.001 to 0.05 mm 

45 



so 



55 
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FIG .3 




FIG.4 
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